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Àííîòàöèÿ
Ïðîâåäåíî èçó÷åíèå ìåòîäîì ÈÊ-ñïåêòðîñêîïèè ñîëüâàòàöèîííûõ ýåêòîâ íà
âíóòðè- è ìåæìîëåêóëÿðíûå âîäîðîäíûå ñâÿçè â 1,2-áóòàíäèîëå, 2,3-áóòàíäèîëå, 1,3-
áóòàíäèîëå, 1,4-áóòàíäèîëå è èõ êîìïëåêñàõ ñ ïðîòîíîàêöåïòîðàìè. Ïðîàíàëèçèðîâàíû
ïî õàðàêòåðèñòèêàì ïîëîñ âàëåíòíûõ êîëåáàíèé ÎÍ-ãðóïï ñõîäñòâà è ðàçëè÷èÿ îáðà-
çîâàíèÿ âíóòðèìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé îáîçíà÷åííûõ âûøå äèîëîâ. Îïèñàíî
âëèÿíèå ñðåäû íà ÷àñòîòû ñâîáîäíûõ è ñàìîàññîöèèðîâàííûõ ãèäðîêñèëüíûõ ãðóïï äàí-
íûõ ñïèðòîâ. Ïîêàçàíî, ÷òî ïðî÷íîñòü è óñòîé÷èâîñòü âíóòðèìîëåêóëÿðíûõ âîäîðîäíûõ
ñâÿçåé çàâèñÿò êàê îò ðàçìåðà öèêëà îáðàçóþùåãîñÿ ïðè ðåàëèçàöèè âíóòðèìîëåêóëÿð-
íîãî âîäîðîäíîãî ñâÿçûâàíèÿ, òàê è îò ïîëîæåíèÿ ãèäðîêñèëüíûõ ãðóïï â ìîëåêóëàõ
áóòàíäèîëîâ. Îáíàðóæåíî, ÷òî â ñðåäå ïðîòîíîàêöåïòîðíûõ ðàñòâîðèòåëåé ñòðîåíèå è
ñîñòàâ âîäîðîäîñâÿçàííûõ êîìïëåêñîâ áóòàíäèîëîâ ñ îñíîâàíèÿìè çàâèñÿò îò ïðîòîíîàê-
öåïòîðíîé ñèëû ðàñòâîðèòåëÿ è îò êîíöåíòðàöèè äèîëà â ðàñòâîðå.
Êëþ÷åâûå ñëîâà: âíóòðèìîëåêóëÿðíàÿ âîäîðîäíàÿ ñâÿçü, ÈÊ-ñïåêòðîñêîïèÿ, áó-
òàíäèîëû, ÷àñòîòà, èíòåíñèâíîñòü, âàí-äåð-âààëüñîâû âçàèìîäåéñòâèÿ, ïðîòîíîàêöåïòîð-
íîñòü, êîîïåðàòèâíûé ýåêò.
Ââåäåíèå
Èçó÷åíèå àëèàòè÷åñêèõ ñèñòåì, ñïîñîáíûõ ê îáðàçîâàíèþ âíóòðèìîëåêóëÿð-
íûõ âîäîðîäíûõ ñâÿçåé (ÂÂÑ) è ê ìåæìîëåêóëÿðíûì âçàèìîäåéñòâèÿì â êîíäåíñè-
ðîâàííîé àçå, ÿâëÿåòñÿ ñëîæíîé è, áåññïîðíî, àêòóàëüíîé çàäà÷åé [14℄. Äåòàëü-
íîå îïèñàíèå ìåõàíèçìîâ ìåæìîëåêóëÿðíûõ âçàèìîäåéñòâèé â ïîäîáíûõ ñèñòåìàõ
ñïîñîáñòâîâàëî áû ðåøåíèþ âàæíûõ ïðîáëåì â òàêèõ íàïðàâëåíèÿõ, êàê èçó÷åíèå
ìåõàíèçìîâ ñàìîàññîöèàöèè êàðáîãèäðàòîâ, ìîëåêóëÿðíîå ðàñïîçíàâàíèå è ñèíòåç
íîâûõ âåùåñòâ. àñïîçíàâàíèå êàðáîãèäðàòîâ áèîëîãè÷åñêèìè ðåöåïòîðàìè ïðî-
èñõîäèò ïîñðåäñòâàì îáðàçîâàíèÿ ìíîæåñòâåííûõ ñëàáûõ âçàèìîäåéñòâèé, ñðåäè
êîòîðûõ ñàìûå âàæíûå  âîäîðîäíàÿ ñâÿçü è âàí-äåð-âààëüñîâû âçàèìîäåéñòâèÿ.
Îäíàêî èçó÷åíèå ñëàáûõ ìíîæåñòâåííûõ âçàèìîäåéñòâèé â ñëîæíûõ áèîëîãè÷å-
ñêèõ îáúåêòàõ êðàéíå çàòðóäíåíî ïî ïðè÷èíå îòñóòñòâèÿ ìåòîäèê èõ àíàëèçà è
ðàçäåëåíèÿ íà âêëàäû. Ñëåäóåò îòìåòèòü, ÷òî äëÿ ïðîñòûõ ñèñòåì, ñïîñîáíûõ òîëü-
êî ê ìåæìîëåêóëÿðíîìó âîäîðîäíîìó ñâÿçûâàíèþ (ÌÂÑ), ýòîò âîïðîñ ÿâëÿåòñÿ
ïðîðàáîòàííûì â çíà÷èòåëüíîé ñòåïåíè. Òàêàÿ ñèòóàöèÿ èìååò îáúåêòèâíûå ïðè-
÷èíû, ïîñêîëüêó îòëè÷èòåëüíîé îñîáåííîñòüþ ñèñòåì ñ ÂÂÑ ÿâëÿåòñÿ òðóäíîñòü
ðàçäåëåíèÿ ðàçëè÷íûõ âêëàäîâ âçàèìîäåéñòâèé (íåñïåöèè÷åñêèå âçàèìîäåéñòâèÿ
ñ ðàñòâîðèòåëåì; ñïåöèè÷åñêèå âçàèìîäåéñòâèÿ; ñîáñòâåííî, îáðàçîâàíèå ÂÂÑ è
îáðàçîâàíèå âîäîðîäîñâÿçàííîãî êîìïëåêñà ñ ðàñòâîðèòåëåì; âêëàä êîîïåðàòèâ-
íîãî ýåêòà).
ÀÍÀËÈÇ ÊÎËÅÁÀÒÅËÜÍÛÕ ÑÏÅÊÒÎÂ ÈÇÎÌÅÍÛÕ ÁÓÒÀÍÄÈÎËÎÂ. . . 9
ÈÊ-ñïåêòðîñêîïèÿ, êàê ìåòîä èçó÷åíèÿ ñèñòåì ñ âíóòðè- è ìåæìîëåêóëÿðíûìè
âîäîðîäíûìè ñâÿçÿìè, ÿâëÿåòñÿ íàèáîëåå óíèâåðñàëüíûì ñ òî÷êè çðåíèÿ âûäå-
ëåíèÿ âêëàäîâ ðàçëè÷íûõ òèïîâ âçàèìîäåéñòâèé. Â òî æå âðåìÿ ïîëó÷åíèå èí-
îðìàòèâíûõ ðåçóëüòàòîâ òðåáóåò ðàçðàáîòêè ñîîòâåòñòâóþùèõ ìåòîäèê àíàëèçà
òàêèõ ñèñòåì, àïðîáèðîâàíèÿ èõ íà çíà÷èòåëüíîì êîëè÷åñòâå ïðîñòûõ ïî ñòðîåíèþ
îáúåêòîâ, ñîïîñòàâëåíèÿ ðåçóëüòàòîâ, ïîëó÷åííûõ äëÿ ìåæ- è âíóòðèìîëåêóëÿðíî
ñâÿçàííûõ ñèñòåì.
Â äàííîé ðàáîòå ïðîâåäåí ïîäðîáíûé ñðàâíèòåëüíûé àíàëèç êîëåáàòåëüíûõ
ñïåêòðîâ èçîìåðíûõ áóòàíäèîëîâ: 2,3-áóòàíäèîëà, 1,2-áóòàíäèîëà, 1,3-áóòàíäèîëà,
1,4-áóòàíäèîëà. Îïðåäåëåíû îñíîâíûå õàðàêòåðèñòèêè ïîëîñ ïîãëîùåíèÿ âàëåíò-
íûõ êîëåáàíèé ÎÍ-ãðóïï äèîëîâ â ÈÊ-ñïåêòðàõ (÷àñòîòà, èíòåíñèâíîñòü, ïîëó-
øèðèíà). Äëÿ îïèñàíèÿ âëèÿíèÿ ñîëüâàòàöèîííûõ ýåêòîâ â äàííîé ðàáîòå áûë
èñïîëüçîâàí ïàðàìåòð íåñïåöèè÷åñêèõ âçàèìîäåéñòâèé, ïðåäëîæåííûé â ðàáîòå
[5℄. Ñîãëàñíî ìíåíèþ àâòîðîâ, íåñïåöèè÷åñêîå âëèÿíèå ðàñòâîðèòåëÿ íà ÷àñòîòû
ÎÍ-âàëåíòíûõ êîëåáàíèé â ÈÊ-ñïåêòðàõ îïèñûâàåòñÿ ëèíåéíî ñ ïîìîùüþ ïàðà-
ìåòðà SV W :
SV W =
√
∆H
Y/S
p
V YX
,
ãäå ∆H
Y/S
p  ýíòàëüïèÿ ðàñòâîðåíèÿ ëèíåéíîãî àëêàíà â ðàñòâîðèòåëå S; V YX 
õàðàêòåðèñòè÷åñêèé îáúåì ìîëåêóëû ëèíåéíîãî àëêàíà, ðàññ÷èòàííûé ïî Ìàê-
îâåíó.
1. Ýêñïåðèìåíòàëüíàÿ ÷àñòü
ÈÊ-ñïåêòðû ðåãèñòðèðîâàëèñü íà Ôóðüå-ÈÊ-ñïåêòðîìåòðå Bruker Vetor-22 â
ñïåêòðàëüíîì äèàïàçîíå 4004000 ñì
−1
. Èíòåðåðîãðàììû çàïèñûâàëèñü ñ ðàç-
ðåøåíèåì 1 ñì
−1
, ÷èñëî ñêàíîâ ðàâíÿëîñü 128. Èñïîëüçîâàëèñü êþâåòû èç CaF2
ñ òîëùèíàìè ïîãëîùàþùåãî ñëîÿ 2.9, 1.0 è 0.28 ìì. Òîëùèíà êþâåò ïîäáèðàëàñü
òàêèì îáðàçîì, ÷òîáû â óñëîâèÿõ ðàñòâîðà äèîëà çàäàííîé êîíöåíòðàöèè îïòè÷å-
ñêàÿ ïëîòíîñòü èññëåäóåìîé ïîëîñû ëåæàëà â ïðåäåëàõ 0.2÷1.0 . Ïåðåêðûâàþùèåñÿ
ïîëîñû ðàñêëàäûâàëè íà îäèíî÷íûå ñîñòàâëÿþùèå, îïèñûâàåìûå ëèáî óíêöèåé
Ëîðåíöà, ëèáî ñóììîé óíêöèé Ëîðåíöà è àóññà, ëèáî èõ ïðîèçâåäåíèåì, ñ èñ-
ïîëüçîâàíèåì ïðîãðàììû Peak Fit 4.1.
àñòâîðèòåëè, êîòîðûå áûëè èñïîëüçîâàíû â õîäå ïðîâåäåíèÿ ðàáîòû, ïðåäñòàâ-
ëÿþò ñîáîé, êàê ïðàâèëî, ïðîäàâàåìûå ðåàêòèâû êâàëèèêàöèè ¾÷¿, ¾õ÷¿, ¾÷äà¿.
Èõ îñóøêà è î÷èñòêà ïðîâîäèëàñü â ñîîòâåòñòâèè ñî ñòàíäàðòíûìè ìåòîäèêàìè [6℄.
2. Îáñóæäåíèå ðåçóëüòàòîâ
Äëÿ áóòàíäèîëîâ, â îòëè÷èå îò îäíîàòîìíûõ ñïèðòîâ, õàðàêòåðíî îáðàçîâàíèå
âíóòðèìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé â ðàñòâîðå ïðè ðàçëè÷íûõ êîíöåíòðàöè-
ÿõ, ÷òî îò÷åòëèâî âèäíî â ÈÊ-ñïåêòðàõ ïî ïîÿâëåíèþ âòîðîé ïîëîñû âàëåíòíûõ
êîëåáàíèé âíóòðèìîëåêóëÿðíî çàêîìïëåêñîâàííûõ ÎÍ-ãðóïï. Â êà÷åñòâå äîïîë-
íèòåëüíîãî îòëè÷èÿ âíóòðèìîëåêóëÿðíî îò ìåæìîëåêóëÿðíî âîäîðîäîñâÿçàííûõ
ñèñòåì ìîæíî îòìåòèòü îòñóòñòâèå çàâèñèìîñòè ñîîòíîøåíèÿ èíòåíñèâíîñòåé ïî-
ëîñ ñâîáîäíîé è ñâÿçàííîé ÎÍ-ãðóïï äëÿ äèîëîâ. Èíûìè ñëîâàìè, ñ óâåëè÷åíèåì
êîíöåíòðàöèè áóòàíäèîëîâ â èíåðòíûõ ðàñòâîðèòåëÿõ èíòåíñèâíîñòè ïîëîñ ïîãëî-
ùåíèÿ âàëåíòíûõ êîëåáàíèé âíóòðèìîëåêóëÿðíî âîäîðîäîñâÿçàííûõ ÎÍ-ãðóïï è
ñâîáîäíûõ ÎÍ-ãðóïï óâåëè÷èâàþòñÿ ïðîïîðöèîíàëüíî.
10 Ä.È. ÀÁÀÉÄÓËËÈÍÀ È Ä.
Òàáë. 1
Ïàðàìåòðû ëèíåéíûõ êîððåëÿöèé âèäà νROH = a+b ·SV W
äëÿ ÷àñòîò âàëåíòíûõ êîëåáàíèé ãèäðîêñèëüíûõ ãðóïï
Ñâîáîäíûå ÎÍ-ãðóïïû
a b R S
1-áóòàíîë 3649 −11.5 0.995 1.8
1,3-áóòàíäèîë 3641 −10.2 0.963 3.9
1,4-áóòàíäèîë 3648 −12.8 0.989 2.6
Âîäîðîäîñâÿçàííûå ÎÍ-ãðóïïû
1-áóòàíîë 3534 −18.6 0.995 2.9
1,3-áóòàíäèîë 3567 −15.6 0.995 2.3
1,4-áóòàíäèîë 3506 −25.8 0.998 2.4
Ýêñïåðèìåíòàëüíûé ñäâèã ÷àñòîò (∆ν
ýêñï.
) ìîæíî ïðåäñòàâèòü êàê ñóììó âêëà-
äîâ îò íåñïåöèè÷åñêèõ (∆ν
ÂÂ
) è ñïåöèè÷åñêèõ âçàèìîäåéñòâèé (∆ν
ñïåö. âç.
) :
∆ν
ýêñï.
= ∆ν
ñïåö. âç.
+∆ν
ÂÂ
.
Âêëàä íåñïåöèè÷åñêèõ âçàèìîäåéñòâèé ïðè ýòîì êàê äëÿ ìåæìîëåêóëÿðíî,
òàê è äëÿ âíóòðèìîëåêóëÿðíî ñâÿçàííûõ ñèñòåì îïèñûâàåòñÿ ëèíåéíî ñ ïîìîùüþ
ïàðàìåòðà SV W . Â òàáë. 1 â êà÷åñòâå ïðèìåðà ïðèâåäåíû ïàðàìåòðû ïîëó÷åííûõ
ëèíåéíûõ êîððåëÿöèé äëÿ 1-áóòàíîëà è 1,3- è 1,4-áóòàíäèîëîâ. Àíàëèçèðóÿ ïî-
ëó÷åííûå äàííûå, ìîæíî ñäåëàòü âûâîä î òîì, ÷òî ÷óâñòâèòåëüíîñòü ïîëîæåíèÿ
ïîëîñ âàëåíòíûõ êîëåáàíèé ñâîáîäíûõ ÎÍ-ãðóïï ê ñîëüâàòàöèîííûì ýåêòàì
ïðàêòè÷åñêè îäèíàêîâà, à äëÿ âîäîðîäîñâÿçàííûõ ÎÍ-ãðóïï îíà òåì ñèëüíåå, ÷åì
âûøå ïðî÷íîñòü îáðàçóþùåéñÿ âîäîðîäíîé ñâÿçè.
Ïðè ðàñòâîðåíèè áóòàíäèîëîâ â ïðîòîíîäîíîðíîì ðàñòâîðèòåëå (õëîðîîðìå)
îáðàçóþòñÿ êîîïåðàòèâíûå âîäîðîäîñâÿçàííûå êîìïëåêñû (ñõåìà 1), çíà÷åíèÿ ÷à-
ñòîò âàëåíòíûõ êîëåáàíèé âíóòðèìîëåêóëÿðíî ñâÿçàííûõ ãèäðîêñèëüíûõ ãðóïï
ïðè ýòîì îòêëîíÿþòñÿ îò ëèíåéíûõ çàâèñèìîñòåé (òàáë. 1).
O O
HH
H CCl3
O OH
HHCl3C
Ñõåìà 1. Êîîïåðàòèâíûå âîäîðîäîñâÿçàííûå êîìïëåêñû ìîëåêóë áóòàíäèîëîâ ñ ìîëåêó-
ëàìè õëîðîîðìà
Òàêèì îáðàçîì, ïðåäñòàâëÿåòñÿ âîçìîæíûì îöåíèòü êîîïåðàòèâíûé ýåêò â
èçó÷åííûõ ñèñòåìàõ êàê ãðàè÷åñêè (ðèñ. 1), òàê è àíàëèòè÷åñêè [7℄, ðàññ÷èòàâ
êîýèöèåíòû êîîïåðàòèâíîãî óñèëåíèÿ âíóòðèìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé
ïîä äåéñòâèåì ðàñòâîðèòåëÿ ïî îðìóëå:
Ab = ∆νýêñï./∆ν
∗,
ãäå Ab  çíà÷åíèå êîýèöèåíòà êîîïåðàòèâíîñòè, ∆νýêñï.  ýêñïåðèìåíòàëüíîå
çíà÷åíèå ñäâèãà ÷àñòîò âàëåíòíûõ êîëåáàíèé ãèäðîêñèëüíîé ãðóïïû, ∆ν∗  ðàñ-
ñ÷èòàííàÿ ïî óðàâíåíèþ ëèíåéíîé çàâèñèìîñòè (òàáë. 1) âåëè÷èíà ñäâèãà ÷àñòîòû.
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èñ. 1. Âëèÿíèå êîîïåðàòèâíîãî ýåêòà íà çíà÷åíèÿ ÷àñòîò âàëåíòíûõ êîëåáàíèé ÎÍ-
ãðóïï 1,3-áóòàíäèîëà (à) è 1,4-áóòàíäèîëà (á) â ñðåäå õëîðîîðìà
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èñ. 2. Ñïåêòðû èçîìåðíûõ áóòàíäèîëîâ â òåòðàõëîðìåòàíå: à) 1,2-áóòàíäèîë; á) 1,3-
áóòàíäèîë; â) 1,4-áóòàíäèîë; ã) 2,3-áóòàíäèîë
Ïîëó÷åííûå çíà÷åíèÿ êîýèöèåíòîâ êîîïåðàòèâíîñòè â õëîðîîðìå äëÿ 1,3-
áóòàíäèîëà è 1,4-áóòàíäèîëà ðàâíû 1.30 è 1.25 ñîîòâåòñòâåííî. Ýòî ãîâîðèò îá
óïðî÷íåíèè âîäîðîäíîé ñâÿçè íà 30 è 25% ïî ñðàâíåíèþ ñ ïðîñòûì âíóòðèìîëåêó-
ëÿðíûì àññîöèàòîì.
Â ðàáîòå ïðîâåäåíî èçó÷åíèå ïðî÷íîñòè è óñòîé÷èâîñòè ÂÂÑ. Àíàëèç ïðî÷-
íîñòè ÂÂÑ ïî âåëè÷èíå ñäâèãîâ ÷àñòîò â ñðåäå èíåðòíîãî ðàñòâîðèòåëÿ ãåêñàíà
äëÿ ðÿäà äèîëîâ ïðîâîäèëñÿ ðàíåå â ðàáîòå [2℄. Àâòîðû ñäåëàëè âûâîä î òîì, ÷òî
â ðÿäó 1,2-, 1,3- è -1,4-äèîëîâ íàèáîëüøàÿ ïðî÷íîñòü ÂÂÑ õàðàêòåðíà äëÿ 1,4-
äèîëîâ, ÷òî ñîîòâåòñòâóåò îáðàçîâàíèþ ìàêñèìàëüíîãî ðàçìåðà öèêëà (7 àòîìîâ).
Òàêîé ðåçóëüòàò áûë ïîäòâåðæäåí è â õîäå íàøåãî èññëåäîâàíèÿ áóòàíäèîëîâ â
òåòðàõëîðìåòàíå (ðèñ. 2), ýòî âïîëíå ñîãëàñóåòñÿ ñ òåîðèåé î òîì, ÷òî íàèáîëåå
âûãîäíàÿ êîíèãóðàöèÿ äëÿ îáðàçîâàíèÿ âîäîðîäíîé ñâÿçè ÕÍ. . . Â  ëèíåéíàÿ.
12 Ä.È. ÀÁÀÉÄÓËËÈÍÀ È Ä.
Òàáë. 2
Õàðàêòåðèñòèêè ïîëîñ ïîãëîùåíèÿ âàëåíòíûõ êîëåáàíèé
ÎÍ-ãðóïï èçîìåðíûõ áóòàíäèîëîâ
Áóòàíäèîë 2,3- 1,2- 1,3- 1,4-
νO−H
ñâîá.
3634 3639 3631 3634
νO−H
BBC
3592 3598 3548 3475
WO−Hñâîá.
1/2 20 28 28 27
WO−HBBC
1/2 42 40 54 85
IO−H
BBC
/IO−H
ñâîá.
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èñ. 3. Ñîïîñòàâëåíèå ñäâèãîâ ÷àñòîò âàëåíòíûõ êîëåáàíèé ñ ñîîòíîøåíèåì èíòåíñèâ-
íîñòåé âíóòðèìîëåêóëÿðíî ñâÿçàííûõ è ñâîáîäíûõ ÎÍ-ãðóïï â 1,4-áóòàíäèîëå (1), 1,3-
áóòàíäèîëå (2), 1,2-áóòàíäèîëå (3), 2,3-áóòàíäèîëå (4)
Îäíàêî ïðè àíàëèçå îñòàëüíûõ õàðàêòåðèñòèê ÈÊ-ñïåêòðîâ íàìè çàèêñèðî-
âàíî, ÷òî óñòîé÷èâîñòü âíóòðèìîëåêóëÿðíî âîäîðîäîñâÿçàíûõ ñèñòåì íå ñâÿçàíà
íàïðÿìóþ ñ èõ ïðî÷íîñòüþ. Äëÿ äîêàçàòåëüñòâà òàêîãî ïîëîæåíèÿ ñëåäóåò îá-
ðàòèòüñÿ ê àíàëèçó ñîîòíîøåíèÿ èíòåíñèâíîñòåé ñâîáîäíûõ è âíóòðèìîëåêóëÿðíî
âîäîðîäîñâÿçàííûõ ãèäðîêñèëüíûõ ãðóïï (òàáë. 2). Çäåñü ïðèâåäåíî ñîïîñòàâëåíèå
èíòåíñèâíîñòåé ïîëîñ âíóòðèìîëåêóëÿðíî ñâÿçàííûõ (IO−H
BBC
) è ñâîáîäíûõ (IO−H
ñâîá.
)
ÎÍ-ãðóïï IO−H
BBC
/IO−H
ñâîá.
äëÿ 2,3-; -1,2-; 1,3- è 1,4-áóòàíäèîëîâ â òåòðàõëîðìåòàíå.
Ìîæíî óâèäåòü, ÷òî ýòî ñîîòíîøåíèå èìååò ìàêñèìàëüíîå çíà÷åíèå â ñëó÷àå 1,2-
áóòàíäèîëà, òî åñòü áîëåå óñòîé÷èâû ÂÂÑ â ñèñòåìå ñ ìåíüøèì ðàçìåðîì öèêëà
(5 àòîìîâ). Èç ýòîãî ðÿäà, îäíàêî, çàìåòíî âûïàäàåò çíà÷åíèå ñîîòíîøåíèÿ èí-
òåíñèâíîñòåé, ïîëó÷åííîå äëÿ 2,3-áóòàíäèîëà. Ñóäÿ ïî ïîëó÷åííûì âåëè÷èíàì,
îáðàçóþùèåñÿ â òàêîé ñèñòåìå ÂÂÑ ìåíåå óñòîé÷èâû ïî ñðàâíåíèþ äàæå ñ ðàñòâî-
ðîì 1,3-áóòàíäèîëà, íå ñìîòðÿ íà òî, ÷òî ïðî÷íîñòü ÂÂÑ 1,3-áóòàíäèîëà, îöåíåííàÿ
ïî çíà÷åíèþ ÷àñòîòû êîëåáàíèÿ ñîîòâåòñòâóþùåé ãðóïïû (òàáë. 2), çíà÷èòåëüíî
ïðåâûøàåò ïðî÷íîñòü ÂÂÑ â 2,3-áóòàíäèîëå.
Òàêèì îáðàçîì, ìîæíî ñäåëàòü âûâîä î òîì, ÷òî çàâèñèìîñòü ìåæäó ïðî÷íî-
ñòüþ è óñòîé÷èâîñòüþ ÂÂÑ äëÿ öèêëîâ ðàçíîãî ðàçìåðà  ñëîæíàÿ. Íàìè ïîêàçàíî,
÷òî îáðàòíî ïðîïîðöèîíàëüíàÿ çàâèñèìîñòü ìåæäó óñòîé÷èâîñòüþ è ïðî÷íîñòüþ
âîäîðîäíûõ ñâÿçåé íàáëþäàåòñÿ òîëüêî äëÿ èçîìåðîâ, â êîòîðûõ ïîëîæåíèå îäíîé
èç ãèäðîêñèëüíûõ ãðóïï ïîñòîÿííî (ðèñ. 3).
Àâòîðàìè ðàáîòû [2℄ áûëî îòìå÷åíî, ÷òî çíà÷åíèÿ ÷àñòîò âàëåíòíûõ êîëåáàíèé
ñâîáîäíûõ ÎÍ-ãðóïï ñåðèè äèîëîâ â ñðåäå èíåðòíîãî ðàñòâîðèòåëÿ ñîâïàäàþò â
ïðåäåëàõ îøèáêè èçìåðåíèÿ, ÿâíîå îòëè÷èå íàáëþäàëîñü òîëüêî äëÿ 1,2-èçîìåðîâ.
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Ïîëó÷åííûå íàìè çíà÷åíèÿ ïîäòâåðäèëè ýòîò âûâîä äëÿ 1,2-áóòàíäèîëà, ñëåäóåò,
îäíàêî, îòìåòèòü, ÷òî àíàëîãè÷íîãî îòêëîíåíèÿ çíà÷åíèÿ ÷àñòîòû âàëåíòíûõ êîëå-
áàíèé äëÿ 2,3-áóòàíäèîëà ìû íå íàáëþäàëè, ÷òî âåðîÿòíî, îáúÿñíÿåòñÿ ÷àñòè÷íîé
êîìïåíñàöèåé îòðèöàòåëüíîãî èíäóêòèâíîãî ýåêòà íà ãèäðîêñèëüíîé ãðóïïå çà
ñ÷åò ñìåæíîãî ÑÍ3 -çàìåñòèòåëÿ. Ïðîäîëæàÿ îáñóæäåíèå õàðàêòåðèñòèê ïîëîñ
êîëåáàíèé ñâîáîäíûõ ÎÍ-ãðóïï òîãî æå ðÿäà äèîëîâ â òåòðàõëîðìåòàíå, ìîæíî
òàêæå îòìåòèòü, ÷òî 2,3-áóòàíäèîë èìååò íàèìåíüøóþ ïîëóøèðèíó ïîëîñû ÎÍ-
êîëåáàíèé (WO−Hñâîá.
1/2 ) â îòëè÷èå îò äðóãèõ èçîìåðîâ áóòàíäèîëîâ.
Áîëåå ñëîæíàÿ êàðòèíà íàáëþäàåòñÿ ïðè èññëåäîâàíèè ðàñòâîðîâ áóòàíäèîëîâ
â ïðîòîíîàêöåïòîðíûõ ðàñòâîðèòåëÿõ. Ýòî ñâÿçàíî ñ âîçìîæíîñòüþ îáðàçîâàíèÿ
âîäîðîäîñâÿçàííûõ êîìïëåêñîâ äèîëîâ ñ ïðîòîíîàêöåïòîðàìè ðàçëè÷íîãî ñòðîå-
íèÿ è ñîñòàâà (ñõåìà 2).
O
O H
H
B
B
(1) (2)
O
H B
O
H
O
O H
H
B
O
O H
HB
1
2
3
Ñõåìà 2. Ñòðóêòóðû ðàçëè÷íûõ êîìïëåêñîâ 1,4-áóòàíäèîëà ñ ïðîòîíîàêöåïòîðàìè â ñðåäå
îñíîâàíèÿ
Äëÿ ðàçíûõ ïðîòîíîàêöåïòîðîâ íàáëþäàåòñÿ ðàçëè÷íîå êîëè÷åñòâî âíóòðèìî-
ëåêóëÿðíî âîäîðîäîñâÿçàííûõ ìîëåêóë äèîëîâ â ðàñòâîðå â çàâèñèìîñòè îò êîí-
öåíòðàöèè (ðèñ. 4 è 5). Ìåòîäîì ÈÊ-ñïåêòðîñêîïèè áûëè èçó÷åíû ðàñòâîðû 1,3-
áóòàíäèîëà è 1,4-áóòàíäèîëà â îòíîñèòåëüíî ñëàáûõ ïðîòîíîàêöåïòîðíûõ ðàñòâî-
ðèòåëÿõ  àöåòîíèòðèëå è òåòðàãèäðîóðàíå  è â ñèëüíîì ïðîòîíîàêöåïòîðå ïè-
ðèäèíå. Äëÿ äâóõ äèîëîâ íàáëþäàåòñÿ ñõîæàÿ êàðòèíà, ïðîèëëþñòðèðîâàííàÿ íà
ïðèìåðå ñïåêòðîâ 1,3-áóòàíäèîëà â îñíîâàíèÿõ (ðèñ. 4 è 5). Â ñëàáûõ ïðîòîíîàêöåï-
òîðàõ ñ óâåëè÷åíèåì êîíöåíòðàöèè äèîëà â ðàñòâîðå íå ïðîèñõîäèò ñêîëüêî-íèáóäü
çàìåòíîãî èçìåíåíèÿ ñîîòíîøåíèÿ èíòåíñèâíîñòåé âíóòðè- è ìåæìîëåêóëÿðíî ñâÿ-
çàííûõ ãèäðîêñèëüíûõ ãðóïï â ðàñòâîðå.
Òàêèì îáðàçîì, ìîæíî óòâåðæäàòü, ÷òî íå ïðîèñõîäèò èçìåíåíèÿ ñòðóêòóðû
âîäîðîäîñâÿçàííûõ êîìïëåêñîâ. Îäíàêî â ïèðèäèíå ñ óâåëè÷åíèåì êîíöåíòðàöèè
ñïèðòà ìû íàáëþäàåì çàìåòíîå èçìåíåíèå êîíòóðà ïîëîñû âàëåíòíûõ êîëåáàíèé
ãèäðîêñèëüíûõ ãðóïï, ïðè ýòîì çíà÷èòåëüíî óìåíüøàåòñÿ äîëÿ âíóòðèìîëåêó-
ëÿðíî ñâÿçàííûõ ãðóïï, ÷òî ãîâîðèò îá èçìåíåíèè ñòðóêòóðû âîäîðîäîñâÿçàííûõ
êîìïëåêñîâ. Ïðè íèçêîé êîíöåíòðàöèè äèîëîâ â ïðîòîíîàêöåïòîðå âîçìîæíî îá-
ðàçîâàíèå êîìïëåêñîâ, ñîîòâåòñòâóþùèõ ñòðóêòóðàì 1 è 2 (ñõåìà 2), ïðè ýòîì
ñòðóêòóðà 1, ÿâëÿÿñü êîîïåðàòèâíîé, îáëàäàåò äîïîëíèòåëüíîé óñòîé÷èâîñòüþ.
Ïðè óâåëè÷åíèè êîíöåíòðàöèè äèîëà âîçìîæíî îáðàçîâàíèå êîìïëåêñîâ, ñîîòâåò-
ñòâóþùèõ ñòðóêòóðå 3, ÷òî ñâÿçàíî ñ ïîÿâëåíèåì âîçìîæíîñòè ñàìîàññîöèàöèè
ìîëåêóë ñïèðòà â äèìåðû. Âûãîäíîñòü îáðàçîâàíèÿ êîìïëåêñîâ ñòðóêòóðû 3 îïðå-
äåëÿåòñÿ îáðàçîâàíèåì äâóõ êîîïåðàòèâíûõ ìåæìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé.
Îäíàêî â ñëàáûõ îñíîâàíèÿõ íå îáðàçóþòñÿ ñòðóêòóðû 3, ñëåäîâàòåëüíî, ðåøàþ-
ùåå âëèÿíèå íà ïðîöåññ êîìïëåêñîîáðàçîâàíèÿ îêàçûâàåò ðàñòâîðèòåëü.
Òàêèì îáðàçîì, áûëà ïîêàçàíà îáðàòíî ïðîïîðöèîíàëüíàÿ çàâèñèìîñòü ìåæäó
óñòîé÷èâîñòüþ è ïðî÷íîñòüþ ÂÂÑ äëÿ ðÿäà èçó÷åííûõ äèîëîâ. Îöåíåí êîîïåðà-
òèâíûé ýåêò íà ÂÂÑ â õëîðîîðìå è ïðîäåìîíñòðèðîâàíî âëèÿíèå ïðèðîäû
ðàñòâîðèòåëÿ íà ñòðóêòóðó îáðàçóþùèõñÿ êîîïåðàòèâíûõ êîìïëåêñîâ.
àáîòà âûïîëíåíà ïðè ïîääåðæêå ÔÔÈ (ïðîåêò  09-03-00751), BRHE (ïðîåêò
 Y5-C-07-12) è ãðàíòà Ïðåçèäåíòà Ô ( ÌÊ-1462.2008.3).
14 Ä.È. ÀÁÀÉÄÓËËÈÍÀ È Ä.
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èñ. 4. àçëîæåíèå íà êîìïîíåíòû ñïåêòðîâ 1,3-áóòàíäèîëà â òåòðàãèäðîóðàíå (îáúåì-
íûå äîëè äèîëà â ðàñòâîðå: a) 0.2%; á) 0.6%; â) 1.4%)
Summary
D.I. Abaidullina, M.A. Varfolomeev, B.N. Solomonov. Analysis of IR Vibrational Spetra
of Isomeri Butanediols in Inert and Proton Aeptor Solvents.
Investigation of the aliphati systems able to form intramoleular hydrogen bonds and
intermoleular interations in ondensed media is a omplex and atual question. The
desription of intermoleular interation mehanisms ould ontribute to the solution of
important problems, suh as arbohydrate self-assoiation mehanism investigation, moleular
reognition and new substane synthesis. The arbohydrate identiation with bio reeptors
ours by lots of weak interation (among them are H-bond and van der Waals interations)
formation. However, there are no methods allowing to analyze them separately.
IR-spetrosopy is one of the most universal methods for investigation of dierent types of
non-ovalent interations. However, in order to obtain orret results, proper analysis methods
should be developed and tested on simple objets.
The investigation of solvent eets on intra- and intermoleular hydrogen bonds in 1,2-,
2,3-, 1,3-, 1,4-butanediols and its omplexes with proton aeptors was arried out in this
work. Analogies and dierenes of intramoleular H-bond formation of studied diols by IR
OH-strething vibrations harateristis were analyzed. The solvent eet on IR frequenies of
free and self-assoiated OH-groups of studied alohols was desribed.
It was shown that intramoleular H-bonds strength and stability depend on the size of
yle formed by intermoleular H-bonding and the OH-groups in butanediol moleule loation.
Linear dependeny between yle size and strength of intramoleular hydrogen bond in 1,2-, 1,3-
and 1,4-butanediol was observed, exept data for 2,3-butanediol. Stability of these hydrogen
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èñ. 5. àçëîæåíèå íà êîìïîíåíòû ñïåêòðîâ 1,3-áóòàíäèîëà â ïèðèäèíå (îáúåìíûå äîëè
äèîëà â ðàñòâîðå: a) 0.4%; á) 1.0%; ã) 1.4%)
bonds in opposite side is hanged. This fat was onrmed by relation of intensities of H-
bonded and free OH-groups. Analysis of solvent eets on frequenies of OH-groups H-
bonded with proton aeptors was arried out. It was shown that values of frequenies of
intramoleularly H-bonded butanediols in aproti solvents were desribed by solvent parameter
SV W responsible for van der Waals interations. In proton donor solvent, like hloroform,
intramoleular hydrogen bonds are strengthened (about 30%) due to ooperative eets. It was
found that struture and omposition of butanediols H-bonded omplexes depend on solvent
proton aeptor anity and the diol onentration. For strong proton aeptors, quantity of
intramoleularly H-bonded OH-groups dereases with inrease of diol onentration. For weak
bases the relation between these speies is pratially not inuened by diol onentration.
Key words: intramoleular hydrogen bond, IR-spetrosopy, butanediols, frequeny,
intensity, van der Waals interations, proton aeptor ability, ooperative eets with diol
onentration.
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